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(54) Abstract Title 
Casing Packer 

(57) The invention is directed to an inflatable or external casing paclcer (ECP) for use in cased welibores. A 
hybrid inflatable packing element design in an ECP is presented, having in a single-unit, anchoring and sealing 
sections for application in cased welibores using a phase change inflation medium such as cement or epoxy or 
the like. 

The inflatable elements comprise a sealing section 40 that uses a noncontinuously reinforced 
elastomeric element 41 with anti-extrusion ribs 41 at its ends. When filled with the inflation medium, a 
frictionat, radial force sealingty engages the elastomeric element with casing wall An anchoring section 42 is 
also provided that uses a continuously ribbed elastomeric bladder element 52. The steel ribs 62 on the surface 
of the elastomeric element engage in metal-to-metal contact with the casing wall as the inflation medium 
exerts a frictional, radial force. Any trapped well bore fluid between the sections escapes via the pathway 
between the ribs. A method for use of the hybrid ECP is also disclosed. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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This print takes account of replacement documents submitted after the date of filing to enable the application to comply 
with the formal requirements of the Patents Rules 1995 




(PRIOR ART) 

FIG. 1A 



(PRIOR ART) 

FIG. 1B 
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S METHOD AND APPARATUS FOR HYBRID ELEMENT 

CASING PACKER VOR CASED-HOLE APPUCATIONS 

pn?y p nv Tm tnvhntion 

The field of this inveotioD relates generally to an inflatable packer for use in 
10 weHbores^ and specifically to an inflatable packer which has a hybrid elastomeric 
elemoxt design providing sealing c^ability and anchoiing siqipott fi>r use in cased- 
hole applications. More particolarly, but not by way of hmitalion, this invention 
relates to an inflatable packer i^ere the sealing denient acts independently of the 
anchonng clement 

IS 

p ArBrf^TinTTMr> OF THE INVENTION 

The production ihr oil and gas reserves has taken die industry to remote sites 
including inland and of^ore locations. In addition, hydrocaiban production in 
remote locations has become the **norm." For example, production in deviated and 

20 multi-lateial wellbores is now very common. As a result, new and unique problems, 
particularly, in the co^^)letion phases have arisen. Historically, ttie cost for 
developing and maintaining hydrocarbon production has been vary high in remote 
locations. And as production continues in Aese remote areas, costs have also escalated 
because of fte unique problems encountered in producing oil and gas in difScutt'-to- 

25 reach locations and/or producing hydrocarbon through xEunerous zones. As a result 
production techniques in these remote areas require creative solutions to unique 
problems not encountered in conventional wellbores. 

As one skilled in die ixxhistry may undenstand, hydrocarbon production rates 
directly affect fte profitability of a wellbore. During tte productive life of these 

30 wells, die well must be mahilained so that hydrocarbon production and retrieval is 
performed in the most efficient nuomer and at a maximum edacity. Well operators 
desire m^^^™' recovery fiom productive zones, and in order to maximize produc- 
tion, proper testing, corrtpletion and control of the well is required 

I 
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5 In wellbore constiuctioii, four fectots arc a part of every wellbore design 

phase: (1) the completion mefliod most suitable for a particular well. (2) 4e fluid flow 
pa&s needed, (3) the cong)letion system chosen to bring the fluids to the wellhead, 
and (4) the completion cost versus the production potentiaL The completion method 
chosen is an inqwrtanl element, and this invention relates to proper zone isolation and 

10 flie most effective and efiScient means to do so. More particularly, it concerns zone 
isolation in cased wcllbores. As one in flie industry might expect today, mum-lateral 
wellbores require cased wellbores for efficient drainage throu|Jx multiple zones and/or 
reservoirs, fa aH^'tinn^ many operations conventionally peacformed at Ac surface are 
now performed downhole. As a result, cascd-hole operations haro become a necessity 

IS for many weUbore cornpletions. 

Thus, diSetasi tools are needed for each of two methods of completion: (1) 
open-hole completion and (2) cased or perforated completions, ii an opairhole or a 
barefoot wellbore completion, a relatively large internal diameter is encountered and 
the open-hole shape is invariably skewed The open-hole is irregular (not perfectly 

20 cylindrical) since the b«5le is driUed in the earthen forination. ThcrefiMrc, flie cxtOTial 
casing packer became an ideally suited tool to isolate zones during production (x 
cementing operations because of its large inflation and sealing edacity. In such 
completion methods, the external casing packer is part of the casing string and forms a 
seal and an anchor against the open-hole wall when an elastomcric element in the 

25 inflatable tool is inflated. The anchor in flie open-hole is formed when flic packer's 
elastomeric element is inflated and contours to the shape of flie qpcn-hole. preventing 
axial movement in the wdlbore. The exceptional expansion and sealing c^abiKties 
of flie flexible elastomeric dements allow ttwse tools to handle conditions that would 
be impossible for conventional packing tools. When inflated, Are packing dement 

30 conforms to virtually any inegularity in openrhole oonq>leted wellbores. While no 
packing element can tolerate all conditions, the inflatable packing dements have been 
found to be very tolerant for open-hole completions. 

On the oflier hand, in cascd-hole wellbores, a difiterent set of criteria and 
problems for completing and workover of a wellbore are encountered. One recent 

35 problem that has been encountered is to isolate a particular zone that is located below 
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5 coxnpletioii equipmeot already located in the wcllbcac. Such zones arc nonnally very 
difficult to isolate since only limited access or through-pass in existing wcUbore 
equipment is available to &e zone below. Conventionally, sudi completion 
equxpmexit has provided a relatively narrow access to a section located below. Jn such 
weilboies there is, fiierefore, a need for zone isolation packers lhat may be installed 
10 below any existing equipment It is clear tiuit conventional packer equipment niay not 
be used in such wellbores since much of it comprises latser diameter equipment 
Such equipment, therefiire, cannot pass Orough the restricted available access. 

In »A<itift|i^ conventional thru-tobing and production injection packer tech- 
nologies are also infKtfT'^^^ ^ sqiplicatians since fliey do not and cannot 
15 provide sufficient sealing capability in larger diameter casing sizes when using an 
inflation medium tibat operates under a phase change condition. Exazz^les of a phase 
change medium include cement or q>oxy. Phase change of an inflation medixmi 
occurs after the infiatioB medium sets. An inflation medium sets when it retains a 
permanent phase. For cxan^^le, a phase change occurs ^en cement or epoxy 
20 hardens. However, subsequent to such hardening, another phase change occurs such 
tiiat the cotneot or cpoxy shrinks shghtiy. 

In 'diese restricted access wdlbores, conventional production injection packers 
and Ifaro-tubing technology using phase change inflation media cannot be inflated to 
reach tilie outer diameter (OD) of die cased wellbore (the walQ to efiCbctively seal a 
25 zone fiir reasons lhat win be discussed hcreinafier. Thus, a new zone isolation tool is 
greatly needed to isolate certain zones in the cased wellbore. 

One obncqrt is to use conventional external casing packer technology, now 
used in larger diameter open4iole completions, to anchor and sed aparticular 
zone, especially since they have a relatively small '*pass-thiough'* OD and thus are 
30 enable of passing through &c restricted access of existing equq)menL Exanqiles of 
these conventional packer technology include ^'production injection packers** and 
"thru-tubing packers." However, even widi inqproving elastomer technology, 4ese 
conventional packers have proven to be relativdy ineffective in 2|iplications requiring 
inflation in a cased wdlbore with a phase change medium. 
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5 iiioidertoundeKtaiidwhy11iisisso,iti8firetnecessaiytore^ 

of these (inflatable) packers. Inflatable packos have long utilized a design ineorpo- 
rating the use of various dastomeric dements in combination with metal slats or ribs 
as inflatable elements. Sixh inflatable tools compiise an dastomeric sleeve dement 
momjtcd in sunounding relationship to a nibnlar body portion. To protect the 

10 dastomeric sleeve dement, a pluraUty of resilient slats or ribs are peripherally bonded 
to ftc dastomeric sleeve dement The medial portion of the dastomeric sleeve is 
fiirflicr surromided, and may be bonded, by an outer annular dastomeric sleeve 
element or -covet" of substantial thickness. These prior art external casing packers 
flms use a cover" design- Upper and lower assembHes secure^ and sealingly 

15 co«9le the ends of the packing dement sleeves to die central tnbular body. A 
piessurized idiase diange inflation medium is communicated to the tubular body ^ 
then thiou^ radial passages thereon to flie interior of llieelastomeric sleeve dement 
to inflate the paddng demems, providing a sealing radial cDgagement with tiie 
wdlboiewall. 

20 A ccmventional ertcmal casing packer (wifli or without a phase change 

medium) is ineffective in cased-wdlbore applications because the contour of the 
casing is snfBdesitly cylindrical, tima preventing a proper anchoring idationsh^ 
between tiie external casing packer and the casing walL One reasrai a proper anduir 
does not result is because the coefficient of fiiction between the dastomeric element 

25 and the stcd casing in a wetted media environment is very low. Thus, the differcntid 
pressure in the wdlboie between locations above and bdow the packer forces its 
movement 

In addition, the cosventiimd octemal caang packer is designed to provide 
only anti-extrusion benefits. For example, the ribs are located only on the secmred 

30 ends (securing assembfies) of the dastomeric dement and dms provide only limited 
andioring benefits. As such, the dastomeric dement has a tendency to *^11 over" or 
oycAsp the secured end vd»cn a sufiBdent axial fiwse is appUed to the ribs. On the 
other hand, if a modificatico is made and the elastomeiic dement is fiilly ribbed, 
another disadvantage arises. In thclatlcr case, a fiiU length rib dastomeric dement, in 

35 combination with the dastomeric clement, is a mudi larger ODpadcer. Therefore, a 



4 



FROM :BH1 potent DEPT 713 439 8043 1397,12-12 13:45 »395 P.GI6/2S 

5 new design requires a tbixmer cover to overoome Ifae limited access available through 
existing downhole equipment. 

However, when a thinner cover is introduced in the new design, another signif- 
icant problem arises v/hax a phase change inflation medium is used to inflate the 
inflatable packer in flie cased wellbore. This new problem arises when the inflation 
10 medium 4^h^s^ phases (cores and contracts) and there is a re sult i ng loss of radial 
force available against the cadng walL It is understood by one skilled in tihe art that a 
relatively thidcer elastomeric element nonnally makes vp ttus diffexeotial in radial 
force. However, when a ihiimer dement is used, the loss in radial fince may not be 
compensated or '^made xspJ* Thus, 6ie amount of compensation an elastomeric 
IS element can ''make-up*' is a function of its tfaidcness. Stated difBoently, the energy 
storage capacity of the dastomeiic element available for sealix^ engagement is a 
iunction of its thickness. Thus, as a relatively dicker elastomeric dement is used, a 
relatively larger energy storage potential exists. This larger stored energy potential is 
available to act against the cased-wellborc wall in sealing engagement, campensaTm g 
20 for any shrinkage in the inflation mcdiunL In a cased weHbore, therefore, a relatively 
fhidc elastonjeric dement is required to obtain proper scaling c^ability. Thus, there 
is a need for a nev zone isolation tool that overcomes all of these limitations. 

Various pdar art cxtenud caang packer devices have existed, bat none provide 
a solution for isolating a zone bdow existing equifMnent that has restricted access in a 
25 cased wellbore environment. For example Mody, et d., Closes in U.S. Patent No. 
5,143,154 an inflatable packing dement for an inflatable packer having a specific rib 
coupling design to the tubular mandrd. 

Ano&er teaching is Oat by Mody in U.S. Patent No. 5,101,908 for an inflat- 
able packing device and a meSkod fat sealing. The device discloses xppcr and lower 
30 elastomeric elements surrounding a tubular mandrd. Again, however, Axis teaching is 
not directed to the problems encountered herein. 

Another ti^ir^limg is ttiat of Halbardier in U.S. Patent No. 4,869^25, 
disclosing a method and apparatus for setting, unsctting, and retrieving a packer or a 
bridge plug fiom a subterranean wdl which msy be passed ^ugh a small diameter 
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5 tubing. However, again, such a teaching is not directed to the specific problems 
encountered hereiiL 

Therefore, tfaeieis aneed for amethod and q>paiatU6 for an inflalablc tool that 
provides a solution for isolating zones throu^ restricted access conviction equipment 
in a cased wellboies diat provide both a seal and anchoring Matures. 

10 

ST7MMABY 0^ thk tnventiqn 

The presttit invention is directed to a new and in^vcd wcUborc packing 
device for nse in isolating zones within a subterranean weDbore and to methods for 
applying tiie packing device in a cased-hole qiplicalion. The present invention is 

1 5 directed to a new and inqiroved inflatable or external casing packer (ECP) far use in 
cased wellbores. A hybrid inflatable paddmg element design m 
having in a single-unit, anchoriDg and sealing sections for application in cased 
wellbores using aphasc change inflation medium sudi as conent or epoxy or the like. 
The present invention overcomes limitations of existing priw art BCP's since tiicse 

20 prior art ECP's axe not ciq>abte of providing both sealing and andioring packing 
elements in a single unitized design in size and access restricted wcUbores. 

The inflatable elements comjmse a sealing section that uses a nonconlinnously 
reinforced elastomedc element with anti-exdusion ribs at its ends. When filled with 
the inflation medium, a factional, radial force sealingly engages the elastomcric 

25 element witii casing wall An anchoring section is also provided that uses a 
contixiuously ribbed elastomeric bladder element The sted ribs on the surface of the 
elastomcric element engage in mctal-to^nctal contact with the caang wall as the 
inflation medium exerts a factional, radial force. Any tr^cd wcUborc fluid between 
the sections esc^cs via the pathw^ between Che ribs. Amcfliodforuseofthehybrid 

30 ECP is also disclosed. More specifically, a nirthod for use of die hybrid inflatable 
packer in a cased-hole environment with a phase change inflation media is presented. 
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5 TOIKF DESCRIPTTON OF THF- T)T( A WINGS 

Figure 1 A is a cross-sectional and perspective combination view of the prior 
art external casing packer, showing a continuoiis ribbed style inflatable clement 

Figure IB is a cross-sectional and perspective combination view of the prior 
ait external casing packer, showing anoDContinoous style inflatable element 
10 Figure 2 is a cross-sectiooal view of a hybrid esrtemal casing packer of the 

preferred embodiment, showing a sealing inflatable dement section and an andioring 
inflatdjlc element section as it would appearin the run-in mode of operation. 

Figure 3 is a cross-sectional view of a hybrid external casing packer of the 
preferred embodiment, showing a sealing inflatable element section and an anchoring 
1 5 inflatable element section as it would zppcar in the inflation mode of qieraticm. 



T^FTAH Kn DES rRTPTTON OF THE PREFERRFO T^QDIMSNT 

The present invention is best described and understood with reference to flic 
context in -winch it is used and the prior ait designs of external casing packers (sec 
20 Figures 1A& IB). 

Tfarurtabing wcnkover and coc9>letion technologies have significant 
advantages, paiticulariy since fbey provide isolation in restricted access zones. 
However, some operating and design linntatLons exist in such technologies. For 
example, thru4ubing technologies are sized smaller and tfaaefi»e are limited in larger 
25 diameter wdlborc applications. In cased wdlbores, significant pressure diflfercotials 
exist within the wellbore when flowing wdlbore fluids are present and, thus, 
unintended displacement of settable or inflatable tools occurs. Flow in either 
direction usually exists in a wellbore when a piodncxng zone is in hydraulic 
commumcation with a consuming zone and such intei-zxme "cross-flow^ may exist in 
30 a weDborc, irrespective of wfaettw flow is directed to flie sm&ce. 

Inflatable wellbore tools arc operable in a number of modes, such as ^ ^'run- 
in" mode of operation, an "c3q)ansion or inflation" mode of operation, and a "setting^ 
mode of operation. The inflatable tool is maintained in a run*in condition during 
entry of flie tool into fbc wellbore in a reduced radial dimension so tiiat the tool may 
3S pass through restricted access areas. Once the inflatable tool is passed beyond the 
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S lestiicted access area and placed in a desired area, inflation pcessnre is applied to the 
tool with an inflation medinm so as to urge it into a radially outward direction in an 
inflated condition. Such radial e^qiansion, at least in pait, obstructs the flow of 
wcUborc fluid within the cased wellbore. 

The obstruction created by the inflatable tool frequently creates a pressure 

10 difbential acioss the inflatable tool Most commonly, this occurs when the inflatable 
tool is set above aptoducing zone. Wellboxe fluids, such as oil» gas and water, will 
contimie flowing in the wellbore due to a pressure differential between the formation 
andthewelIbore,asweUaspnssuredifrerentUlbetweai Thus, wellbore fluid 
flow may urge the mflatable tool to move^ rotate, twist and/or slide, especially in a 

IS wetted environment of a cased weQbore. The unmtcnded, and often baxmful. 
displacement of the inflatable tool often occurs because currently available prior art 
thru-tubing technologies do not provide adequate anchoring means. Such anchoring 
means arc traditionally foimd in tools having "gripping teeth," as those found in the 
more conventional metal-to-metal packer devices. Thus, for exan^le, coiled tubing- 

20 su^>ended inflatable tools do not provide sufiScieot anchoring means to prevent 
displacement and are not often used in such applicatiozis. Obviously, the mechanical 
packers are sin^y not qjpropriate foz restricted access applications. 

Additionally, if a pressure difTerential is developed across the inflatable tool, 
the pressure differential may act to discormect the inflatable tool fiom &c suspension 

2S tool or means. Thus, for wmpic, in a wireUne-su^ended tool, a large pressure 
dififerential could koap the weUboie tool loose fiom die whreline cable. Alteniatrvety, 
a bi^-pressure-sensitive or tension-sensitive disconnect device used in coimection 
with coiled tnbing or production string operations may easily actuate and disomect 
the packer device fiom the coil tubing or producdon string. 

30 With reject to prior ait designs, such as open-hole inflatable packer dcvi^ a 

caodnuous ribbed style external casing packer (ECP) 20 is shown in Figure 1 A and a 
noncontimious ribbed styled ECP is shown in Figure IB. The continuous ribbed style 
ECP 20 provides a long dynamic hydromechanical seal using an elastomcric element 
14 combmed with continnous stainless steel ribs 16 to protect the inflatable elements 

35 12,14 from the tremendous mutddimensional strains existing in nonuniform 
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5 wellborcs. The steel ribs 16 are utilized to provide stxcngth, fle^ 

reliability against tear of the ixmer elastomeric dement 12. Ihese inflatable elements 
12,14 are mounted on the mandrel or inflatable tool 10 by securing assemblies 18 on 
each end. This ECP 20 is paxticulady nsdol for short- or lmg4engdi sea] 
applications requiring positive seals in hig^ differential, irregular, or d%>tical open- 

10 hole wellbores. The continuous ribbed ECP uses various inflation media, including 
water, drilling fluids and/or cement 

The noncontinuous ribbed ECP 30, on fhs other hand, is used as a siqpple- 
mental packer to the continuous ribbed ECP 20 during special s^lications requiring 
long^ sealing elements and utilizing cement, mud, fluid or epoxy as the inflation 

15 medium. It may inchide a valve coUar 3S that features an enlarged inflation flow 
cq)acLty and a flow control tfiat decreases &e erosion of fte valve seats 35, seals (not 
diown) and the inflation passageway 39. The ribs 31 are located only on the secured 
ends 36 of the elastomeric element and thus provide only limited anchoring benefits. 
The ribs 31, as previously stated, provide strength at the cod sleeve area 36 and also 

20 where the ribs engage 33 die wdlbore wan 11. The iMinreinjGarced center or medial 
portion 32 creates a flexible cxp2aasicm area which readily conforms to open-hole 
irregularities 12» providing an adequate seal 

Jn an open-hole weDbore completion as shown in Figure 1, a relatively large 
diameter is encountered in the wellboie, and flie open-hole wall 11 is invariably 

25 skewed or inegalzr 12 (not pecfiectly cylindrical) since die hole is drilled in the 
earfiiai fonnation 13. Therefore, die convenlidnal ECP 2030, as described above, 
became an ideally suited wellbore tool to isolate zones in sudi environments during 
production or wotkover opoations because of the large inflation c^^pacity of its 
inflatable elastomeric element In such open-hole opcxations, die EC? is part of the 

30 casing string and forms a ^'sealing" anchor against the open-hole, inegular wall 12. 

The "sealing* anchor in the open*hole wellbore is formed when the packer's 
elastomeric element 14 is inflated and contours to the ibzpc 12 of the open-hole, 
preventing axial movement in die wellbore. Axial movement is prevented because of 
multidimensional forces acting radially against the wellbore wall 11. In addition, 

35 these prior ait ECP's use a "iiill covcr^ elastomeric element desigou A fiiU cover 
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S design wiaps the full leagdi of die inner elastomeric element 12, 29 with an outer 
elastomeiic element 14,32. In the alternative, the nQncontinuous metal libs 31 (Figure 
IB) are &bricated inside the elastomeiic cover 32 and are coi^led to the end sleeves 
36 so as to provide reinforcement against extrusion when the element 32 is inlQated 
Tbos, the excq)tiottal expansion capability of the flexible elastomeric element allows 

10 for use of these BCP tools in conditions that would be otherwise impossible £x 
conventional (mechanical) packing tools. 

However, as previously mentioned, these prior ait ECP's 20^0 are limited in 
s^Ucation to open-hole operations. In cased-wellbore ^plications, these pzior art 
ECP's 2030 are inadequate because the contour 5S of the casing S4 is sufBdenfly 

IS cylindrical. The unifonnc7lizidricalshq>eoftfae casing waU 54 prevents a proper or 
adequate andioring relatiansfaip between a conventional ECP 20,30 and dxe casing 
waU54. 

One reason a proper anchoring relationshq), in the conventional ECP's20, 30, 
does not result is because the coefScient of faction between ihe elastomeric element 

20 14,32 and the steel casing 54 in a wetted media is very low. Thus, &e differential 
pressure in the wellbore between locations above and below the packer results in 
movement or displacement of the packer and which nonnaDy results in great damage 
to the well, paiticulady in loss of prodnction and the resulting economic damages. 

„ la addition, the conventional, noncQnttnuous ribbed st^e ECP 30 is designed 

25 such that the ribs 31 arc only located on the secured ends 36 of the elastomeric 
dement 32 and thus provide on^r limited aochoiing and/or anti-^^ As 
such, flie elastomeric element 32 has a tendency to "roll over** or overlq> over the 
secured end 36 near flie end sleeves 33 when a sufScient axial force is ^licd to fhe 
ribs 30. On the other hand, if a modification is made so that die elastomeric element 

30 32 is fiiUy ribbed, ano&cr problem arises. A fiiU length ribbed elastomeric element 
14, as shown in Figure 1 A, becomes a mxtch larger diameter inflatable element 14 and 
therefore requires a thinner elastomeric cover 14 so that the ECP 20 may pass throu^ 
existing equipment (xiot shown), having only limited or restricted access to the zone 
beyond, 

10 
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5 However, when a dnzmer dastomeric cover 14 is used, a ftigm'firjmt dis- 

advantage tesults in providing adequate sealing protectioiL It should be understood 
that die inflatable tool is being applied to cased wellboies, using a phase change 
medium to inflate the elonent Thus, when flie phase change inflrfjon medium cures, 
there is a loss of radial force available against the casing wall as fhe inflation medium 

10 changes its phase, fhe inflation medium contracts m shrinks as it hardens, 
resulting in loss of available radial force ot msigy against the wellbore wall. It is 
clear to one skilled in die art fliat the elastomeric element normally makes yxp die 
difference in radial force loss tbrou|^ the resiliency of a relatively thicker elastomeric 
cover^ te. , die leladively thick elastomenc cover stores a certain amount of radial force 

15 energy \spon the expansion of the inflation medium and releases this stored energy to 
ooinpensate for any phase changes in the inflation medium, such as shrinkage or 
contraction. Hie amount of energy storage available to compensate for shrinkage 
force loss is clearly a function of the elastomer thickness. In a cased wellbore, 
therefore, a relatively fhidc elastomeric cover is necessary to obtain proper sealing 

20 c^Kibility. Ibis thicker cover design requirement, however, conflicts with having 
only Urnited access through the downhok equipmc^ Thus, there 

is a need finr a new zone isolation inflatable tool diat overcomes all of diese 
limitations. 

Re&iring now to Figures 2 and 3, a new inflatable tool design is disclosed 
25 which overcomes many of fhe limitations discussed above. In fhe prefetxed enxbodi- 
ment, the new inflatable tool design uses a sectioned dement design to provide two of 
the most important requirements in cased-wellhore plications when using phase 
change inflation media: (1) sealing ability, and (2) anchoring capability. 

In the preferred embodiment, die sealiuB feature 40 is provided with a full 
30 cover elastomeric design 45 having a xelativcly large thickness 41 whfle the anchoring 
jSeature 42 is provided widi an eiqposcd full length or continuous ribbed design 62 
providing metal-to-metal contact 63 widi the casing wall 54. The fuD cover 
elastomeric design 45 of die sealing dement section 40 provides die necessary 
elastmneric dnckness 41 to condensate for phase change losses in radial sealing 
35 force. On die odier hand, die fiill length e3q>osed nb element section 42 provides a 
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S metal-to-metal engagement 63 between the anchoring element 62 and tiie casing wall 
54 so as to create sufiScient anchoring force in the cased wellbore. 

Hie two sections 40,42 are sqparated by end sleeves 44 which coi4>Ie each 
fe^yective dement 40,42 to the tubular body 58 of the inflatable tool The nxeOiod for 
coiqiling each respective element 40,42 is well-known in the art and is disclosed in 

10 U^. Patent No. 5,143,154 and die specificatian of said patent is hereby incozporated 
by reference. In addition, die features of flie valve qiparatus (not shown) for proper 
inflation of the elastomeric elements is weD-known in the art See, for exaaq>l^ UJS. 
Patent No. 4,708;208; US. Patent No. 4,805,699; and U.S. Patent i^lication Serial 
No. 138,197, iBled on December 28, 1987. All such disclosures are incoiporated by 

IS reference. The end sleeves 44 are mechanically coupled to the tubular body 58 by 
conventional techniques such as threaded sleeves (not shown). 

Refening now to Figure 2, one embodiment of the invention, a Ixybfiid 
inflatable tool, is shown in die run-in condition. The sealing section 40 comprises 
elastcmeric element 48 siq>ported by noncondnuous anti-extrusion ribs 46. Hie 

20 sealing section 40 is preferably placed in the direction away fiom the conveyance 
device (not shown), ^wlulc the andioring section 42 is placed near tfie conveyance 
device. However, this by no means is a liinitation to the present inventicm. 

Opposite ends 45 of the sealing element 48 are coi^led 47 to tbe tubular 
member 58 widi md sleeves 44. The anti-extrusion ribs 46 are mechanically coupled 

25 to ttie end sleeve 44 in accordance with conventional methods diat are well-known in 
die art and incoiporated by reference herein. The noncontixnious, nonrdnfoiced rib 
design of the sealing element 40 provides the necessary diickaess 41 to compensate 
for radial force loss fiom phase diange in the inflation medium 56. Yet, the thickness 
41 of the sealing element 48 provided overcomes any access and size restrictians of 

30 existing equipment aheady located downhole as will become more iqjparcnt 
hereinafter. 

The inflatable tool element 48 in the sealing section 40 is not reinforced in the 
medial portion 49 of the elastomeric element 48 and as such does not have ribs 46 
extending end to end. Such a design clearly conqiensates for having a relatively large 
35 thickness 41 elastomeric dement 48 because the ribs 46 are eliminated in the medial 
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portion49. Tberibs46areoiayiOTvidedatthccBds45«hcKthese^ 
is comected to the tubular mandrel 58 to support Ihc end load. The medial portiou 

49 is simply made of elastomer, and thus, a thicker 41 elastomer msgr be provided. 
However, anchoring is not possible k cased wem)orcs under such In 

opeiHhole, the anchoring results fiom the rough noncontinuous suifeoe of the wellbore 
while the casing has a smooth surfiu* 55 and the result is that gripping doK 

Anchoring is, however, provided by a separate but related section 42. 

" la the prcfared embodiment, the anchoring element section 42 coinprises an 
inner tube or bladder 52 that is inflated, fte anchor ribs 62 and an dastomcric stifBsaier 
band 60 to uni&cmly space 4e nT» 46 along the peiiitoy of Ae iM 
beadded. Hje ribs 62 ate made of sted and arc exposed so as to engage in a metal-to- 
metal relationship 63 with the wellbore caang 55. Tbe ribs 62 aie medumically 
coupled to a ring (not shown) and fitted mside the end sleeves 44. The exposed sted 
n^s 62 may be run in a Hgh-pn»surc diflferenlial environment and yet stin maintain 
fflctal-to-metalftiction 63 for a strong andioring relationship. In certain jqjplications, 
20 such as short-lengflipadcers, die bands 60 arc not needed. 

Tims, the hybrid design of the present invention presented herein discloses an 
inflatable tool overcoming traditional cased-wellboie limitations and lestrictians and 
yet having an inflatable nnitaiy element design providing sealing and anchoring 
provisionsandM^diareinpressmecomnmnicationidativeto^^ Thusthe 
25 combined design has two demeate 40,42 providing independent fimrtions while 
infiatingrelativetoeadiother. The andmring dement 42 only fimclions as an andwr 
Mdrile the seafing dement 40 onty fanctioos 85 a seal 

In the preferred embodiinent, fl»e dastomer compounds 48,52 inctaded in the 

design for the cover inchides malerids that have good memmy for letommg to tte 
original size and developed for use m sub-zero smfece conditions to avoid impact 
damage to the element surfece during on-site handling. The temperature range for flic 
dastomcric dements range ftum ambient to more than 500-F depending on the type 
of elastomer used- It should be noted that flic cmrent invention does not. however, 
depend on the type of dastomer used. New dastomet tedmology wifli krge 
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5 temperature tolerances in^ just as The tempaaoire 

ranges disclosed herein only represent conently available elastomer technology. 

Each of 4c sealing and anchoring dements 40. 42 can be inflated with a phafMS 
change inflation medium 56 such as cement, epoxy or oAcr such media. Ihns.with 
today's expanding cement technology, a certain amount of contraction or shrinkage 

10 occurs in the inflation medium 56 dnring the curing or phase change stage. The 
present invention overcomes this limitation even when using phase change inflation 
medinm 56 susceptible to radial force losses such as cement wbich suffers contraction 
at cored stage. 

Referring now to Figure 3. one of the embodiments, the present invention is 
15 shownasanexpansionorinflationmodeofoperatiooandasetmodeofoperation. In 

the sealing element section 40. the mflatabk eUstomeric element is in fall «q»nsion. 

exerting aradial force against the casing waU 55. The radial fiaw 

inflation medium 5 6 aeates a sealing engagement 64 between the d 

48 and casing wan 55. As a result, wdlbore fluids are prevented fiom having cross- 
20 flow, and the area above and bdow the inflatable tool are isolated fi«meadio^^ 

Tlxe compressive force or fictional engagement ^ between tbe elastomeric dement 

48 and tbe casing wall 55 assures a fluid-tight seal 

The anii-<nctrusion ribs 45 in the scaling element section 40 provide protection 

agaiist the dastomeric dement 48 fiom rolling over as the dement 48 is inflated 
25 under a relatively large pressure force, addition, the ribs 45 provide protection 

against the dastomeric element 48 tearing and faihng. 
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5 The anchoring element section 42 of the picfened embodiinent is also shown 

in an inflated position in Figure 3. The sted or other suitable metal ribs 62 provide a 
strong anchor against rotation, axial movement, twisting action, or any other type of 
displacemettf. Such movement is prevcoled because a large radial force acting on the 
ribs 62 fiom the inflation medimn 56 pudies it into fiictional engagement 63 wifli the 
10 casmgwallSS. Tl» exposed ribbed andwiing section 42 comprises 8 
dement62. Stated differently, the ribs rmi across the -^iriwlelengfli of the 
clementandarecoiq)ledatflieends47totheend8leeves44. The end sleeves 44 are. 
in turn, mechanically coupled to thetnbnlarmandrelSS by coovcntkmal means weU- 
known in the ait such as threaded sleeves (not shown herein). Tte imier tube or 
15 bladder 52 is fabricated under the ribs 62 which are sfanilariy coupled to Ae end 
sleeves44. The imer tube 52 acts as a containment member for (he inflation medimn 
56. The end sleeve 44 not coupled to die sealing section operates in a sUding 
relationship relative to the tubular mandrel 58. It should be understood that «ie 
dastomeric band 60. in the anchoring element section 42. is provided so thai the ribs 
20 62 are evenly spaced-iqwit, and it is not intended to provide sealing ra^^ Infect, 
the band 60, even though engaged with the casing wall 54. need not provide a 
pressure seal since its main fimction is to create a pattowiy (between the ribs 62) for 
the escaping flmds in the amnitos 65 between the inflatable tool and die casi^ 

54. The stififener rings 60 typical range in number ihmi ^ 

25 the size of the packer. 

ItshonldbeundcrsioodthatlheprefcKedembodimeBtofhybridiniUtabletoo^ 

progressively inflates, first inflating the sealing section 40 and then fte anchoring 
section 42. due to d»e differences m the stsOoess between fl»e etenents ia each section. 
This provides an important advantage in diat fluid win not be trapped betw«^ 

30 two sections in the annnlus 65 neat the mechanical Bnk 44 during the inflation 
operation. Fluid trapping is farther prevented because the anchoring section 42, with 
its exposed ribs 62, creates a pathway for any trapped fluid to escape throng 
passsgew^ between ttie ribs 62. 

The dements 40,42 may be inflated in a conventional manner. The inflating 

35 medium 56 is injected through a receiving port 50 whidi communicates with the 
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prfe^bly a. fte »4 -rf*. P«*-. -* 

dc^ 40) - «» -"^ « IW"" "to ""4 de««» « -"l 

pom 50 «d sbn*»«»sbr M3« flK 40.42 reta^^^ 

«» mflatabte «tiP» 40,42 cm Smctio. mtep«taily of c«i <«tar. 

of to ,r«,.< -"^ *' 

H„,dc (,»**ow,0.i-.'k«««^««*^''«^'*^'"*"'*""^ 

toco^vey^ccsid.. to »i«iBa-ion mod. teig^fl»M«i«' 

« to of * bifbUbl. tool. U:. ™l« crfl- i. Pl«^ «<»» *" " 

, , , »,^«-m«» end. Thus inflation will occur 

floating end and nearihc coupled iffld or comreyanceenfl. inns. iiiiu« 

20 from the valve conar side. However, it should be noted ««t » unconventicm^ 

design of -Vahre collar down" works equally well, depend!^ 

conditions and requiiemcnts. 

•no phoan* ^mi>«mi>»m<^'^^'^''''' 

j5 o«,o.«™y*om«»co™^dcvk..Tb.d«isk«to,I«a»»«-i^d^ 
to co.»^ d«i« (» ""P) » 
to»d»r«S»42»arfte"flo«i..|f c»l to to I«finod .^bodin-.. 

30 «rf^„otoB,=d.««»lik.)b«««»fl««^«-'*-'">'-*''°°^ 
dc»».»mft«ed. Thus. »M-k»ccc„«.*.«i-taW«' of 
de»c>* 42 sboncm «> con,=«-. to n*J iBfl-ion. Ita^ 

to 3>Kl«ring cte«« to ko«oo.-=«« 
boring clomoa is and do«. «1 «Wm-dy to " 

35 reiationsfaip 63. 
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5 i^tliecasewhere&esealingscction40isaafliebcttam,fte^ 

42 dnws • W and engages 63 as it inflates providing compensation provisions are 
^sotbatfheancboringsectioninayslideaxiaUy. la this case, the sealing element 
40inflatesn:tetivclyaheadoftheancl«>r den^42 andflied^ 
to period due to the stiffe anchoring ctencnt 42 *e rft^ 

10 inflatnig slowcrtbanthe sealing dement 40. 

Aiiomberofinfbtabtetoolsinsctiesniayjnstaseasity For 

e,3niple a Selective Inflation Packer System SOPSO (not dumn) 

tools which eooperale^tiu^I^itrvcoti^^ 
and set the hybrid inflatable tool disdosedhcrcin. The SOPSO tool is desigaed for 
15 horizontal or vertical wellbore appUcations leqnirii^ seU^^^ 

inflation ofinflatabletools- Noncontaminated cement is spotted for inflation purposes 
intofl^inflatabletooL The SCIPSO tool allows selective inflation of and movement 
^.etwecn staggered inflatable tools located in slo^ 

witho-tthelossoffteinflationmediumduringrepositiom^ The SCIPSO tool may 
20 be nn^intogdberwittr the inflatable tool's or by itsdf on a second mn after the 
casingor1inetslringhasbeennm.in. M addition, aU icmaiBing «mu;ed cement may 
be reverse drculated. As dements a« inflated, both the sealing and andionng 
eie„«»t sections expand to the casing wall progiessivdy a vobm»e d^e of the 
cement occurs. 

25 By using a sectioned element design ofthepreW embodiment. i«..tte 

scaling and anchoring dancnt sections, ^di are medamcatty linked «td in 

constant pressure commimication. fl» present invention c^ 

^ scaling and aodu«ir.g iB a sn^t inflatAte tool when nsed in a ^ 

wellbore and a d«nge inflation medhmi is nsed. and thns c«at^ 

30 savings for the operator. 

The mdhod by whidi fte present imrention is used in ttie cased weUbore does 
«rtdeparts«bstantially&ome«s.infiandcurrentmdhods. Tlu. inflatable tool of fl»e 
hrv«tion may be lowered into the cased wdlbore usbg any mmiber of 
caaventiond meflmds sudi as wirdine. coiled tdring, produ^^ 
35 The only limitation is that the inflatable tool be capdrfe of accessing and bypassing 
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5 eodstingdownholeequiinnciit Suii 

and is directed at overcoming Ihis KmitaiioiL The present invcnlioii anticipates a 
relatively smaU OD operation and therefore is capable of beii« lowered under such 
conditions to &cq>piopriate location in tiic cased wcfflwre. Once conectly located, 
the inflatable tool may be inflated into a sealing and anchoring engagement wifli the 

10 casingwall. Such inflation is accomplished as previously discussed haein. Inflation 
media inay vary, depending on die antidpat«l use, but it is contemplated 
present inveiition to be a phase changing fluid which is scttable and may incur sW 
shrinkage. 

The forcgomg disclosure and description of die invcntioii are iUostialive and 
15 explanatory dioeoi; and various dumgesm die size, shape an^ 

flic details of the ilhistiated construction, may be made without departing fiom the 
q>irit of the invention, fiom die ^t of the invention. 



20 baa^Mnaam mill mil tmtnmtm^^ «• 
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5 CLAIMS 

1. A downhole inflatable packer fiwr sealing against a cased or uncased 
wellbore wall, conqmsing: 
a body; 

a movable sealing section, inflatably operable between a run-in 
10 position and asetposition where it sealingly contacts the wall; 

at least one movable anchor section inflatably operable between a nm- 
in and a set position wheic it contacts the wall to snpport said body, and 

said sealing section is spaced apart fiom said anchor section- 



15 2. The packer of claim 1, wherein: 

said sealing section comprises a first icsilicot dcmait; 

said anchOT section comprises a second re$ifient element; and 

said first resilient element being thicker than said seccmd resilient 

element. 

20 

3, The packer of claim 2, whaein: 

said first resilient dement comprises ribs which are located adjacent to 
at least one of opposed ends and do not extend continuously ovtt its I 

25 4. The packer of claim 3, vtedn: 

said second resilient element comprises CGntinuoos ri^^ 
a nuyority of the distance fiom end to cad. 

5. Thcpac*crofclami4,whcrdn: 

30 said second zcsilient dement fiirflicr comprises at kast one band 

mounted over said ribs. 

6. The padccrofclaim 5, wherein: 

said resihcnt dements when inflated define a cavity between said body 
35 and the wall, wife said ribs allowing flind in said cavity to pass 
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7, The packer of claim 6, wfacrcm: 

said first i^ent dement inflates before said second resilient element 



8. The packer of claim 2, whaein: 

said first resilieol dement is of sufi5denl thickness to retain scaling 
mtact with the wall if an inflation medium experiences shrinkage as it sets. 



9. The padcer of claim 3, wherein: 

said first resilient dement comprises an outer surface which contacts 
15 the wall and said ribs are disposed beneath said outer surface so that they do not 
contact the wall in said s^ position. 



10. The padcer of claim 4, iriieietn: 

said ribs in said second resilient element extad fiom end to end 
20 thereof and are exposed for contact with the wall m said set position. 



11. Bxe packer of claim 4, further compnsmg: 
a sleeve on said body between said first and second resilieot elements; 

and 

said ribs on said first and second rcsiUent dcmcnis connected adjacent 
qyposite ends of said sleeve. 

12. The packer of claim 11, ^dierem: 
said sleeve is movable with a respect to said body. 

30 

13. The padcer of claim 12, whadn: 

said body comprises at least one port to fadKtate mflation of said 

resilient dements. 



I 
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5 14 ihepaAerofclaimia.wherem: 

said bo<fy lias «n Tipper and tower end. with sdd Twer 

aconnectiontoacanveyii^devicetoiuBsaidbodyint^ 

said first lesfficntelenieol is located closest to said T^ciA 

10 15 AmefliodofseidingacasedboirtoKconiprising: 

p„Mdi0g on a bocfy an i-dtoaWc paete ^ft a discrc^ 

element for scaling and a seimrate inflatable elem^ 
Tunning in said body jrfo positioii; and 

inflating both dements. 

15 

16. The mcfliod of daim 15, fcrlhcr comprising: 
osing an inflating material that shrinks when it 

17 The method ofclaiml<»,fi»ther comprising: 

20 pnMdmg a greater thiclmess on said inflatabk dement 

conqwied to said dement for andwring; and 

^said greater Ifaidmess for compensatioii for said shrinkage. 

18 Hie method of daim 17, ftardjercompiiamg: 

25 ,dn&rdngsaiddememforand«»ingwithnT>sextendingatl^ 

a mjgority of its Icngflu and 

exposing said rfljs <m said demeiit for andioring so ti«fy comact to 

cased bordiole. 

30 19. The method of cknn 18, fintber comprising: 

jTOViding ribs on said danert for scding whidi cactend to at le^ 

one end and short of the midpoint of said dement for sealing. 
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5 

20. The mediod of daim 19, iisfher conqnisiiig: 

embedding said ribs on said (HeaxeOt for sealing whflc extending th«n 
fiom eadi end to leave a large ceniral section fliereof without ribs. 
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